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van den Heuvel & Tauris argue that if the red giant star in the system 2MASS
J05215658+4359220 has a mass of 1 solar mass (M), then its unseen compan-
ion could be a binary composed of two 0.9M stars, making a triple system.
We contend that the existing data are most consistent with a giant of mass
3.2+1.0−1.0 M, implying a black hole companion of 3.3
+2.8
−0.7 M.
1
ar
X
iv
:2
00
5.
07
65
3v
1 
 [a
str
o-
ph
.H
E]
  1
5 M
ay
 20
20
van den Heuvel & Tauris (1) posit that the red giant star in the system 2MASS J05215658
+4359220 (2) could have a mass of Mgiant ' 1M, and that the unobserved companion could
be a normal stellar binary system composed of two 0.9 M stars. This hypothesis is inconsistent
with the measured luminosity L and effective temperature Teff . The latter was established by
three independent and consistent measurements: (a) the optical spectra, (b) the near-infrared
spectra, and (c) the fit to the giant’s spectral energy distribution (SED). The luminosity was
determined from two independent methods: (a) the observed SED combined with the mea-
sured distance, and (b) the stellar radius (R) as inferred from the giant’s projected rotational
velocity (v sin i) combined with Teff . Both yield consistent L for sin i ' 1. Given these data
and their uncertainties, and acknowledging the inherent systematic uncertainties in comparing
with evolutionary models, we disfavored Mgiant ' 1M, and obtained a best-fitting value of
Mgiant ' 3.2+1.0−1.0 M (2-σ uncertainties) (2).
van den Heuvel & Tauris assert that “Spectroscopic determination of a red giant’s mass
from model atmospheres can be uncertain by a factor of 3.” However, we do not determine
the mass from the logarithm of the stellar gravitation acceleration (log g) alone using 10log g =
GMgiant/R
2, but instead from fitting L, Teff , and log g to evolutionary models. Even ignoring
the constraint on log g, the combination of L and Teff are inconsistent with Mgiant ' 1M. The
mass obtained from Mgiant = R210log g/G is consistent with our best-fitting Mgiant, but it is not
the origin of our final reported mass.
van den Heuvel & Tauris argue that because X-ray emission is seen in symbiotic X-ray
binary systems, it should be seen in 2MASS J05215658+4359220 if the unseen companion is
a black hole. We do not find this argument convincing. First, the expected X-ray emission
depends on the mass loss rate of the giant, which is uncertain. In particular, some studies
have found lower values of the mass loss rate normalization than used by van den Heuvel &
Tauris (3, 4). Second, the expected accretion rate is strongly dependent on the assumed giant
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wind velocity, which is not well-constrained for this system. Third, the expected X-ray emission
depends on the radiative efficiency of the accretion and the nature of the accretor. We estimated
the accretion rate and found that the system may be in the radiatively inefficient regime (2),
implying low X-ray luminosity. In addition, the dichotomy between the X-ray luminosities of
neutron star- and black hole-hosting Galactic X-ray binaries in quiescence may result from the
presence of an event horizon for black holes, whereas neutron stars have surfaces (5–7). The
lack of X-ray emission observed in 2MASS J05215658+4359220 may then be used to argue for
a black hole companion instead of a neutron star. In fact, the X-ray emission in the symbiotic
X-ray binary systems discussed by van den Heuvel & Tauris are often explained using a settling
accretion flow model relevant to neutron stars and not black holes ( (8); their Section 2).
van den Heuvel & Tauris state that “the [C/N] ratio of the giant would be unusually high
for giants of this mass” and that “the high [C/N] abundance ratio is normal for a 1 M red
giant.” While the measured abundance ratio is somewhat unusual for a ' 3M giant in our
comparison sample, whether it is unusual enough to outweigh the well-measured values of L
and Teff is debatable. Above 3 M, we found that 1 out of 18 stars (about 6%) have high
[C/N] (2). While the observation of [C/N] ' 0.0 for 2MASS J05215658+4359220 might
be used to argue that Mgiant ' 1M in the absence of any other information, the additional
information provided by L and Teff indicates a significantly more massive star when compared
to evolutionary models with a variety of metallicities (2). Given the spotted, rapidly rotating
nature of the giant we cannot exclude systematic uncertainties in the determination of both
the [C/N] abundance ratio and the metallicity. The latter affects the fitting of the giant to
evolutionary models (2). Systematic uncertainties of ±0.1− 0.3 dex for C, ±0.2 dex for N, and
±0.1 dex for Fe are found when APOGEE abundances are compared with other determinations
from the literature (10).
The proposal by van den Heuvel & Tauris is also inconsistent with the limits on ellipsoidal
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variability derived from the ASAS-SN light curve ( (2); Section 1.5.5, Supplementary Material).
This is because the system would have lower total mass, but the same orbital period, so the semi-
major axis would decrease relative to the radius of the giant, and the mass ratio would shift to be
more dominated by the putative binary companion. These limits on ellipsoidal variability could
be avoided if the distance to the system is smaller, so that the giant star has lower luminosity
and smaller radius, while keeping sin i ' 1, but the required change in distance is inconsistent
with the parallax uncertainties, and the observed v sin i would then no longer be consistent with
the stellar radius.
We conclude that the hypothesis of van den Heuvel & Tauris is inconsistent with the mea-
surements of L, Teff , log g, and v sin i and that the low X-ray luminosity may be accommodated
by a black hole companion.
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